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(54) Continuous data seismic systems 

(57) A system for seismic data acquisition has been 
invented having, in certain aspects, one or multiple dis- 
tributed data acquisition subsystems that are independ- 
ent of energy source controller and/or of navigation sys- 
tem operation. Thus the distributed acquisition system 
(s) do not require a complicated and burdensome inter- 
face to the energy source controller or navigation sys- 
tems. The seismic data acquisition system supplies a 
continuous flow of data which is buffered within a cen- 
tralized data repository for short term storage until re- 
quired by non-real-time processes. A seismic data ac- 



quisition method has been invented that replaces con- 
ventional closely coupled interaction between seismic 
acquisition systems and the energy source controller 
and the navigation systems by utilizing GPS time 
stamps on both the data as well as cycling events of the 
energy source controller and/or navigation systems to 
insure precise association of seismic data with cycling 
events. By continuously acquiring data with no interrup- 
tion in the acquired data flow, association with energy 
source or navigation events may be accomplished at a 
latter point in time and not in the real-time operation of 
the acquisition subsystem. 
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Description 

[0001] This invention relates to continuous data seis- 
mic systems, and in particular to seismic data acquisi- 
tion and recording systems and methods. 
[0002] In a variety of prior art seismic data systems, 
only a selected portion of generated seismic signals are 
recorded. As shown in Fig. 1 a prior art seismic system 
S is tightly coupled to the actions of a navigation system 
N and an energy source controller E. The seismic sys- 
tem S includes a data acquisition subsystem A which 
interfaces with apparatus on seismic cables C and 
which is slaved to the action of systems N and E. A re- 
cording subsystem R is in turn slaved to the data acqui- 
sition subsystem A. 

[0003] The navigation system N receives time and po- 
sitioning information from a Global Positioning System 
("GPS") G. This information indicates the location of the 
navigation system N. In existing systems the seismic 
system S and the energy source controller E may be 
located on separate vessels. Components of the system 
N and/or of the System G may be distributed over sev- 
eral vessels. These systems provide for the exact posi- 
tioning of all vessels involved in a seismic survey and, 
therefore, the physical location of interrelated systems 
S and E. 

[0004] In these prior art systems, the navigation sys- 
tem N acts as a master controller of subsystem E and 
subsystem A, i.e., the system E and subsystem A are, 
in this sense, dependent on and not independent of the 
master controller navigation system N. Also, the sub- 
system E and subsystem A are cc-dependent, i.e., they 
send signals, information, and commands to each other 
and, in certain instances, do not act without them. 
[0005] In a typical operation of the system of Fig. 1, 
the master controller navigation system N, constantly 
receiving time and position signals from the GPS system 
G, sends a "start" command to the acquisition subsys- 
tem A and, substantially simultaneously, a 'start - com- 
mand to the energy source controller subsystem E. 
Based on known location, these "start" commands are 
sent prior to the arrival at a known desired firing point of 
the system and of the energy source. This pre-firing lo- 
cation (at which initial "start" commands are issued) is 
chosen so that the E and A subsystems have time to 
accomplish certain tasks and complete firing of the en- 
ergy sources at the desired known firing point. 
[0006] The acquisition subsystem A upon ascertain- 
ing that it is ready to acquire and record data, indicates 
its ability to start an acquisition cycle by issuing a "Fire" 
command to the energy source controller system E after 
a fixed delay from the receipt of the "start" command 
from the navigation system N. The fixed delay is referred 
to as an Acquisition Synchronization Time and is typi- 
cally 200 milliseconds. After the system E receives the 
"Fire" command from subsystem A, the source control- 
ler system E sequences its energy sources (typically air 
guns) in such a manner that the peak power of the array 



of energy sources is at a maximum at a fixed point in 
time following the receipt of the Fire command. At this 
point in time (referred to as TO or Time Break) the en- 
ergy source controller E issued a Time Break command 

5 to the acquisition subsystem A The time interval from 
the receipt of the Fire command and issuing of the Time 
Break command is referred to as Gun Synchronization 
Time and is typically 128 milliseconds. The subsystem 
A then begins to acquire data generated by the firing of 

10 the seismic energy sources for a fixed period of time 
(typically 6 - 8 seconds) referred to as the Acquisition 
Time. At the completion of the Acquisition Time the ac- 
quisition subsystem A will typically inhibit the accept- 
ance of any other start commands from the navigation 

15 system N while it logs status and initializes acquisition 
system components for the next acquisition cycle. This 
time, which is referred to as the Acquisition System 
Overhead, typically lasts for approximately 500 millisec- 
onds. During this time the acquisition subsystem A is 

20 acquiring and logging status concerning the perform- 
ance of the acquisition subsystem, synchronizing con- 
figuration changes with the multiple CPU's that are con- 
tained within the acquisition subsystem and distributing 
parameters to these various CPU's that will control the 

25 actions of the acquisition subsystem A during the next 
acquisition cycle. Optionally the acquisition subsystem 
A will start the recording subsystem R process that 
transfers the acquired seismic data to long term storage 
on magnetic tape. The acquisition subsystem A does 

30 not typically wait for the completion of the recording 
phase before it is once again able to accept system 
starts from the navigation system. 
[0007] If a new start command is issued to the acqui- 
sition subsystem A at any point in time during the Ac- 

35 quisition Time or during the Acquisition System Over- 
head Time the acquisition subsystem will ignore the start 
command and the next acquisition cycle will not be start- 
ed. Since this can be a very serious problem, typical op- 
erating procedures dictate that the speed of the shooting 

40 vessel be adjusted to guarantee that the time interval 
between consecutive start commands from navigation 
system N be greater than the sum of the Acquisition 
Synchronization Time, Gun Synchronization Time, Ac- 
quisition Time, and the Acquisition System Overhead 

45 has elapsed. 

[0008] The time interval between consecutive start 
commands from navigation system N is a function of the 
speed of the vessel between the fixed locations at which 
the acquisition subsystem A must be cycled. These 

50 fixed locations are known as Shotpoints. The speed of 
the vessel through the water is, in turn, a function of the 
vessel propulsion as well as numerous environmental 
elements that cannot be controlled. These include wind 
speed and direction, ocean current, and wave action. In 

55 order to compensate for these variables a Cycle Delay 
Time is introduced after the end of the Acquisition Time 
to insure that the next Start command from the naviga- 
tion system N is not issued prior to the completion of 
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both the Acquisition Time and the Acquisition System 
Overhead Time. This Cycle Delay must be greater than 
the Acquisition System Overhead and allow for the ef- 
fect on vessel speed caused by environmental ele- 
ments. Typical values for the Cycle delay are 1 .25 sec- 
onds. 

[0009] As shown in Fig. 2 the System Dead Time is 
the sum of the Cycle Delay, Acquisition Synchronization 
Time, and Gun Synchronization Time and is typically 
greater than 1 .5 seconds. The productivity of prior art 
seismic systems is severely reduced by the need to sup- 
port the System Dead Time interval. For an Acquisition 
Cycle Time of 6 seconds the effect of the additional 1 .5 
seconds of dead time reduces production by approxi- 
mately 25%. Assuming 12.5 Meter Shotpotnt intervals 
the boat speed in this case must be reduced from 4 
knots to 3.24 knots to compensate for the System Dead 
Time. At this speed the cable may become uncontrolla- 
ble forcing the survey to be done in two passes over the 
same area with the first pass collecting every other Shot- 
point and the second pass collecting the Shotpoints 
skipped in the first pass. In this case the effect of the 
System Dead Time reduces production by 50%. 
[0010] For the interdependent system N, E and sub- 
systems A to work correctly their operations must be 
temporally synchronized since the systems are interre- 
lated and co-dependent; i.e. they operate and function 
together in real-time and must do so to be effective in 
order to implement the temporal synchronization, de- 
lays are introduced in the system operation that ad- 
versely affect production. During these delay/synchro- 
nization periods seismic data is being generated (e.g. 
by reflections and refractions of a generated acoustic 
wave field from an earth layer) but must be discarded 
due to the synchronization delays inherent in the closely 
coupled system formed by systems N, E, and subsys- 
tem A. 

[0011] There has long been a need for seismic data 
methods and systems that have reduced or no dead- 
time, i.e., a system in which most or all generated data 
is recorded and is, therefore, potentially useful. There 
has long been a need for seismic data methods and sys- 
tems in which real-time system/subsystem synchroni- 
zation are not required. 

[0012] The present invention, in certain aspects, dis- 
closes a seismic data system with independent subsys- 
tems. The present invention, in certain aspects, re- 
moves the tightly coupled real-time interaction between 
an acquisition subsystem and a navigation system and 
an energy source controller system so that dead time is 
either significantly reduced or totally eliminated, making 
it possible to acquire and record all or substantially all 
of the seismic data generated by the system. The 
present invention, in certain aspects, provides for the 
post-data-acquisition association of data with seismic 
events so that the various systems and subsystems 
need not operate in synchronized fashion in real-time. 
[0013] In certain embodiments the present invention 



discloses a continuous seismic system with a data ac- 
quisition subsystem, a data server subsystem, and an 
event processor subsystem. Such a system is relation- 
ally interfaced to a navigation system and an energy 

s source controller system. The data acquisition subsys- 
tem has a central processing unit and interlace circuitry 
that implements a connection over which seismic data 
is acquired from distributed seismic sensors. Acquired 
data is time stamped with a local GPS derived clock that 

10 uniquely identifies the data. Data from the data acquisi- 
tion subsystem is then transferred over an interface to 
the data server subsystem until needed for recording. 
The data server subsystem has a CPU and associated 
interfaces to the data acquisition system over which time 

is stamped seismic data is received as well as to the event 
processor over which data is transferred when request- 
ed. This data is cataloged based on the time stamp of 
the data and is then recorded into a disk array with fault 
tolerant capabilities which insure data reliability even in 

20 the case of a disk drive failure. The data server subsys- 
tem provides a high performance interface with suffi- 
cient bandwidth to support simultaneous transfer into 
the disk array from the data received from a recording 
subsystem as well as the data provided to the event 

25 processor. The event processor has a CPU with a GPS 
derived clock that is used to time stamp cycling events 
provided by the navigation system and the energy 
source controller system. The event processor subsys- 
tem requests seismic data from the data server subsys- 

30 terns using the GPS time stamped event and receives 
stored seismic data from an interface between the event 
processor and the data server subsystems. The event 
processor subsystem performs several digital signal 
processing functions to the seismic data prior to record- 

35 ing the data onto tong term media such as magnetic tape 
via a SCSI interface. 

[0014] In certain embodiments of the present inven- 
tion, the data acquisition subsystem and the data server 
subsystem are completely independent of the naviga- 

40 tion system and the energy source controller system. 
GPS time is used to uniquely identify the data prior to 
storage in the data server subsystem. GPS time stamps 
are used to identify events from the navigation and en- 
ergy source controller systems and are used by the 

45 event processor subsystem to associate the recorded 
data with the actual energy source events in a non-real 
time process which will not affect the performance of the 
data acquisition or data server subsystems. Without any 
interaction between the systems and subsystems there 

so js no synchronization times required or delays intro- 
duced to accommodate the complicated interactions be- 
tween systems as described in certain prior art ap- 
proaches to seismic data acquisition. Since all of the 
seismic data is acquired and continuously recorded into 

ss the data server subsystem, there is no concept of the 
end of the acquisition cycle and the associated Acqui- 
sition System Overhead Time as required in certain prior 
art approaches. Since there is no start command issued 
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to the data acquisition subsystem from the navigation 
subsystem there is no need to introduce the Cycle Delay 
Time as described for certain prior art approaches. With- 
out the synchronization times and cycle delays found in 
the prior art seismic data acquisition systems, the dead s 
time in the continuous seismic system is reduced to zero 
and production increases of 10%, 20% and up to 25% 
are possible. 

[0015] The event processor subsystem is introduced 
in the continuous seismic system to reestablish the as- 10 
sociation between the cycling events and the seismic 
data stored in the data server subsystem. The event 
processor subsystem time tags the Start and Time 
Break events generated respectively by the navigation 
system and the energy source controller system. These 1$ 
time tags are stored for later use by the event processor 
subsystem in requesting data from the data server sub- 
system. The event processor subsystem implements 
the conventional tightly coupled real-time interface be- 
tween the seismic system and the navigation system 20 
and energy source controller system in order to maintain 
compatibility with existing navigation and energy source 
controller systems. Support of this interface does not im- 
pact the performance of the continuous seismic system 
since the data acquisition subsystem is functioning with- 25 
out any interaction with the event processor subsystem. 
While the Acquisition Synchronization Time, Gun Syn- 
chronization Time and Cycle Delay Times still exist in 
the continuous seismic system, they are concurrent with 
useful seismic data acquisition and therefore do not im- 30 
pact production in certain preferred embodiments. 
[0016] Based upon the time tagged events from the 
navigation and energy source controller systems, the 
event processor subsystem requests seismic data from 
the data server subsystem. The data requested from the 35 
data server subsystem can be relative to any of the 
events time tagged by the event processor subsystem 
since alt of the seismic data is stored in the data server. 
This allows recording of data that was acquired prior to 
Time Break which supports recording of pre-cursor data 40 
as well as conventional recording which starts at Time 
Break. Support for non-impulsive energy sources such 
as vibratory sources is accommodated since ail data pri- 
or to, during, and after a sweep is available to the event 
processor subsystem. 

[0017] Once the appropriate data is selected by the 
event processor subsystem various optional digital sig- 
nal processing (DSP) functions such as band-pass fil- 
tering, array forming and correlation may be applied to 
the data prior to recording. Since these DSP functions so 
are performed on the data as a non-real time operation, 
the variety of DSP operations which may be applied are 
limited only by the processing capabilities of the event 
processor subsystem and the storage limitations of the 
data server subsystem. The event processor subsystem ss 
also optionally implements a sampling skew correction 
to the data prior to recording. Skew correction may be 
required since data sampled by the data acquisition sub- 



system is not perfectly synchronized with the Time 
Break event generated by the energy source controller 
system. The sample nearest the Time Break signal may 
have been acquired as much as ±14 of a sample interval 
from the Time Break command. This sampling error can 
be reduced to less than 100 microseconds by applica- 
tion of a skew correction filter. The skew correction filter 
applies an interpolating function that utilizes surround- 
ing data samples to predict the data sample value at the 
precise time requested by the event processor subsys- 
tem. 

[001 8] It is, therefore, an object of at least certain pre- 
ferred embodiments of the present invention to provide: 

New, useful, unique, efficient, nonobvious systems 
and methods for using all data generated by a seis- 
mic data system; 

Such systems and methods in which subsystem re- 
al-time synchronization is not required; overhead or 
deadtime is eliminated; and data/event association 
is accomplished at a time after data acquisition; 
Such systems and methods in which an energy 
source controller subsystem and a data acquisition 
system are not co-dependent; 
Such systems and methods including a processor 
for interpolating data points if event/data asynch To- 
nicity occurs; 

Such systems in which events and data are tagged - 
with GPS time and location information for later cor- 
relation and use; 

Such systems and methods in which a composite 
seismic record can be assembled for any portion or 
portions of seismic data related to a series of gen- 
erated seismic events; 

Such systems and methods in which a navigation 
subsystem is independent of a data acquisition sub- 
system and, in certain aspects, in which data acqui- 
sition subsystem is remote from a navigation sub- 
system and/or an energy source controller subsys- 
tem; and 

Such systems and method which can acquire and 
process precursor data, and use it in a meaningful 
manner. 

[0019] Certain embodiments of this invention are not 
limited to any particular individual feature disclosed 
here, but include combinations of them distinguished 
from the prior art in their structures and functions. Fea- 
tures of the invention have been broadly described so 
that the detailed descriptions that follow may be better 
understood, and in order that the contributions of this 
invention to the arts may be better appreciated. There 
are, of course, additional aspects of the invention de- 
scribed below and which may be included in the subject 
matter of the claims to this invention. Those skilled in 
the art who have the benefit of this invention, its teach- 
ings, and suggestions will appreciate that the concep- 
tions of this disclosure may be used as a creative basis 
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for designing other structures, methods and systems for 
carrying out and practicing the present invention. The 
claims of this invention are to be read to include any 
legally equivalent devices or methods which do not de- 
part from the spirit and scope of the present invention. s 
[0020] The present invention recognizes and ad- 
dresses the previously-mentioned problems and long- 
felt needs and provides a solution to those problems and 
a satisfactory meeting of those needs in its various pos- 
sible embodiments and equivalents thereof. To one 10 
skilled in this art who has the benefits of this invention's 
realizations, teachings, disclosures, and suggestions, 
other purposes and advantages will be appreciated from 
the following description of preferred embodiments, giv- 
en for the purpose of disclosure, when taken in conjunc- is 
tion with the accompanying drawings. The detail in 
these descriptions is not intended to thwart this patent's 
object to claim this invention no matter how others may 
later disguise it by variations in form or additions of fur- 
ther improvements. 20 
[0021] A more particular description of embodiments 
of the invention briefly summarized above may be had 
by references to the embodiments which are shown in 
the drawings which form a part of this specification. 
These drawings illustrate certain preferred embodi- *s 
ments and are not to be used to improperly limit the 
scope of the invention which may have other equally ef- 
fective or legally equivalent embodiments. 
[0022] Fig. 1 is a schematic view of a prior art seismic 
system. 30 
[0023] Fig. 2 is a timing diagram of cycling events for 
a prior art system. 

[0024] Fig. 3 is a schematic view of a system accord- 
ing to the present invention. 

[0025] Fig. 4 is a schematic view of a system accord- 35 
ing to the present invention. 

[0026] Referring now to Figs. 3 and 4, a continuous 
seismic system according to the present invention con- 
sists of one or more data acquisition subsystem(s) A, a 
data server subsystem DS, an event processor subsys- *o 
tern EP, a disk array DA, and an operator console OC. 
The DS, EP, DA, and OC components are located on 
the same vessel while the A subsystems may optionally 
be located on separate vessels. Each subsystem in- 
cludes appropriate computers programmed to accom- 45 
plish the various subsystem tasks and appropriate com- 
puter peripheral apparatuses, links, electronics and in- 
terconnections. 

[0027] The distributed acquisition subsystem(s) A is 
controlled by an Acquisition Subsystem CPU 5 which is so 
connected to the other components of subsystem A via 
a VME or PCI bus. The CPU 5 also supports a connec- 
tion to a shipboard ETHERNET 12 for control and sub- 
system status monitoring. The CPU 5 provides memory 
buffering for the received seismic data and performs ss 
several digital signal processing (DSP) operations on 
the received seismic data including, but not limited to, 
low-cut filtering, DC offset removal, and root mean 



square (RMS) analysis prior to sending the data to the 
DS subsystem. Streamer commands are sent to the ca- 
bles from a Streamer I/O board 25 and seismic data from 
the attached streamer cables flow back to the distributed 
acquisition subsystem(s) via the streamer I/O board 25. 
The Streamer I/O board generates commands to the ca- 
bles which cause the transfer of digitized samples of the 
acoustic data to be transmitted from distributed modules 
in the attached cables. The commands issued to the ca- 
bles are phased locked to timing signals originating from 
a GPS Receiver 20 in each subsystem A. Analog to dig- 
ital converters in the cables are in turn phased locked 
to the command issued from the Streamer I/O board 25. 
In this manner all acquisition elements attached to any 
data acquisition subsystems A are phased locked to a 
single high precision time source that originates in the 
GPS transmitter. Serial data from the cable is converted 
into single precision IEEE numerical representation pri- 
or to being sent to the CPU 5 for transfer to the DS sub- 
system. GPS Clock 20 derives clocking signals that are 
used to synchronize its local oven stabilized oscillator 
to within ±50 nSec of Universal Time Coordinates (UTC) 
time. A serial interface from the subsystem CPU is used 
to control and monitor the status of the GPS Clock. The 
clock derived by the GPS Clock is used by a Tag Clock 
15 to maintain logic that is used to associate a time 
stamp with seismic data received by the Streamer I/O 
board 25. Time stamped seismic data is transferred to 
the DS subsystem via a Network Interface 1 0. The phys- 
ical implementation of this interface is dependent upon 
the location of the data acquisition subsystems A and 
the amount of seismic data that is to be transferred. If 
the A subsystems are resident on the same vessel as 
the DS subsystem then conventional wire or fiber inter- 
faces such as ETHERNET, FDDI or Fibre Channel are 
used to transfer the data. If the subsystem is on a remote 
vessel, then wireless radio frequency or microwave 
communication equipment is used to transfer the data. 
[0028] The data server subsystem DS is controlled by 
a Data Server Subsystem CPU 30 which is connected 
to the other components of subsystem DS via a VME or 
PCI bus. This CPU services requests from the data ac- 
quisition subsystems A to store time stamped data onto 
a disk array DA which is connected to the data server. 
Likewise the CPU services requests from the event 
processor subsystem EP to provide specific time 
stamped data sets from the attached disk array All ac- 
cess to or from the disk array is controlled by this CPU. 
This CPU manages the priority of the various requests 
and favors requests from the A subsystems since they 
are constrained to operate in real-time. The CPU also 
supports a connection to the shipboard ETHERNET 12 ' 
for control and subsystem status monitoring. The Net- 
work Interface 10 is identical to the interface located in 
the A subsystems. It is used to receive time stamped 
seismic data from the A subsystems and then to buffer 
this data in the memory devices on the CPU card. The 
seismic data is transferred to a dual ported Memory 
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Card 40 for storage on the Disk Array. The 256 Mega- 
byte Memory Card is ported to both the VME as well as 
the higher performance RACEWAY busses 18. Under 
control of the DS CPU the SCSI Fibre Channel Interface 
35 will transfer the data from the dual ported Memory 
Card 40 via the RACEWAY bus 1 8 to the attached Disk 
Array (DA). The SCSI Fibre Channel card uses a 100 
Megabyte per second optical Fibre Channel connection 
to the disk array over which a SCSI protocol is used to 
transfer the time stamped seismic data sets. For data 
requested by the EP subsystem, data is transferred to 
a Memory Card 65 in the EP subsystem via the F1ACE- 
WAY bus. 

[0029] The Disk Array DA in one aspect, has a 72 
Gigabyte array composed of nine (9) Gigabyte disks (8 
for data and 1 for parity). By striping data across the 
array of disks, sustained data transfer rates in excess 
of 60 Megabytes per second is achieved. Striping is a 
known procedure used to break a single file into pieces 
written to multiple drives simultaneously. The interface 
to the DS subsystem is via a 100 Megabyte per second 
optical Fibre Channel connection. 
[0030] The Event Processor subsystem EP is control- 
led by an Event Processor Subsystem CPU 50 which is 
connected to the other components of subsystem EP 
via a VME or PCI bus. The CPU supports both a real- 
time process for time tagging of various cycling events 
as well as a non-real-time process which processes and 
records the seismic data to magnetic tape. The GPS 
Clock 20 derives clocking signals that are used to syn- 
chronize its local oven stabilized oscillator to within ±50 
nSec of Universal Time Coordinates (UTC) time. A serial 
interface from the Event Processor CPU is used to con- 
trol and monitor the status of the GPS Receiver The 
clock derived by the GPS Receiver is used by the Tag 
Clock 15 to maintain logic that is used to associate a 
time stamp with cycling events detected by an Event I/ 
O board 55. The real-time process on the CPU main- 
tains a log of cycling events detected by an Event I/O 
board 60 and stores the sequence and precise time of 
the occurrence of these events using the clock onboard 
the Tag Clock 15 for the time tag. In addition the CPU 
assembles via the ETHERNET 12 connections, infor- 
mation from the Navigation and Energy Source control- 
ler that is associated with these events and that are to 
be recorded along with the seismic data for each Shot- 
point. The non-real time process that is executed on the 
EP CPU 50 uses the log of the cycling events that was 
built by the real time process to decide what seismic da- 
ta is to be associated with the events. One algorithm 
used to decide what data is to be selected for recording 
is dependent upon various factors such as the type of 
energy source used to generate the acoustic energy, the 
start of the data set relative to the energy source event 
and the number of samples of data required from the 
relative starting point. The non-real-time process in the 
Event Processor CPU 50 requests data from the Data 
Server CPU 30 using the time tag associated with the 



one of the logged cycling event or a time derived from 
that value. The Data Server CPU 30 commands the SC- 
SI Fibre Channel 35 board to transfer the requested data 
from the Disk Array to the Memory 65 board via the 

s RACEWAY bus 18. Since the seismic data acquired by 
the A subsystems are not synchronized with any of the 
system cycling events, the time tag used by the EP CPU 
to request data from the DS subsystem may not be ex- 
actly equal to the time stamp that was associated with 

10 the seismic data when it was acquired by the data ac- 
quisition subsystems A. The DS subsystem returns data 
to the EP subsystem that is nearest to the requested 
time. This data therefore could have been digitized up 
to ±V£ of the sample interval from the actual requested 

is time. For typical sample intervals of 2 milliseconds this 
discrepancy is unacceptable and is corrected by the EP 
subsystem by skew correcting the data. The skew cor- 
rection filter applies an interpolating function that utilizes 
surrounding data samples to predict the data sample 

20 value at the precise time requested by the EP subsys- 
tem. This same procedure is used to correct all samples 
of the seismic data record to be recorded. The EP CPU 
commands a bank of Array Processors 45 to perform 
this function as well as other optional digital signal 

25 processing functions such as correlation if a vibratory 
energy source is used to generate the acoustic signal. 
Following all digital signal processing operations the EP 
CPU 50 generates a Society of Exploration Geophysi- 
cists (SEG) compliant tape header using the information 

30 that was logged by the EP's real-time process from the 
Navigation and Energy Source Controller System. The 
EP transfers the data set from the Memory board 65 via 
the VME bus to the SCSI interface 55 on the PCI bus, 
for recording on magnetic tape. 

35 [0031] An Operator Console OC is used to configure 
and control the A, DS, and EP subsystems. The Oper- 
ator Control Console OC also monitors, limits, checks 
and logs status from all subsystems and then alerts the 
operator to abnormal status conditions. The Operator 

40 Control Console OC generates various graphical dis- 
plays that display the real-time data being received by 
the A subsystems as well as the status of the electrical 
components within the cables attached to the A subsys- 
tems. Operator entered parameters are used to config- 

45 ure the subsystems and to enable or disable selected 
subsystems. No real-time operations are dependent up- 
on the Operator Control Console OC once it has ena- 
bled the A, DS, and EP subsystems. The Operator Con- 
trol Console OC is implemented, in one aspect, on a 

so UNIX based platform and may be located anywhere on 
the Shipboard ETHERNET 1 2. 

[0032] The present invention, therefore, in certain as- 
pects, provides a seismic data system with a seismic 
energy source controller system and at least one seis- 
55 mic energy source, a seismic navigation system, at least 
one seismic data acquisition subsystem for acquiring 
seismic data, GPS apparatus for associating a GPS 
time tag to seismic data acquired by the at least one 
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seismic data acquisition subsystem, and the at least one 
seismic data acquisition subsystem operable independ- 
ently of signals from the seismic energy source control- 
ler; such a seismic data system of wherein the at least 
one seismic data acquisition subsystem is operable in- 
dependently of signals from the seismic navigation sys- 
tem; such a seismic data system wherein the at least 
one seismic data acquisition subsystem is a plurality of 
seismic data acquisition subsystems; such a seismic 
data system with a data server subsystem for interme- 
diate storage and retrieval of seismic data acquired by 
the at least one seismic data acquisition subsystem; any 
such seismic data system wherein the data server sub- 
system uses the GPS time tags as an identifying param- 
eter for the acquired seismic data for storage and re- 
trieval; any such seismic data system with an event 
processor for real-time association of the GPS time tags 
to cycling events of the seismic data system and for non- 
real-time association of GPS time tagged acquired seis- 
mic data with corresponding GPS time tagged cycling 
events; any such seismic data system wherein the event 
processor has processing apparatus for assembling a 
seismic record relative to GPS time tagged acquired 
seismic data; any such seismic data system wherein 
said assembling occurs at a time later than a time of 
acquisition of the seismic data by the at least one seis- 
mic data acquisition subsystem; any such seismic data 
system wherein the event processor has processing ap- 
paratus for re-establishing time synchronization of ac- 
quired seismic data with events independent of the at 
least one seismic data acquisition subsystem; any such 
seismic data system wherein said re-establishing is 
done by interpolating filtering to estimate a seismic data 
value for acquired seismic data relative to a time of spe- 
cific cycling events; any such seismic data system with 
an operator console for configuration, control, and mon- 
itoring of the at least one seismic data acquisition sub- 
system and of the data server subsystem; any such 
seismic data system wherein the at least one seismic 
data acquisition subsystem has acquisition apparatus 
with a master oscillator phase locked to a GPS disci- 
plined clock;* any such seismic data system wherein the 
at least one seismic data acquisition subsystem has ac- 
quisition apparatus for continuously acquiring seismic 
data without associated dead time related to seismic en- 
ergy source events initiated by the at least one seismic 
energy source; any such seismic data system wherein 
the at least one seismic data acquisition subsystem has 
acquisition apparatus for continuously acquiring seismic 
data without associated dead time related to navigation 
system events of the seismic navigation system. 
[0033] The present invention, therefore, in certain as- 
pects, discloses a seismic data system with a seismic 
energy source controller system and at least one seis- 
mic energy source, a seismic navigation system, at least 
one seismic data acquisition subsystem for acquiring 
seismic data, GPS apparatus for associating a GPS 
time tag to seismic data acquired by the at least one 
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seismic data acquisition subsystem, and wherein the at 
least one seismic data acquisition subsystem is opera- 
ble independently of signals from the seismic navigation 
system. 

5 [0034] The present invention, therefore, in certain as- 
pects, discloses a seismic system with at least one seis- 
mic data acquisition subsystem for acquiring seismic 
data, GPS apparatus for associating a GPS time tag to 
seismic data acquired by the at least one seismic data 

io acquisition subsystem, and wherein the at least one 
seismic data acquisition subsystem operable independ- 
ently of command signals from any seismic navigation 
system. 

[0035] The present invention, therefore, in certain as- 
15 pects, discloses a seismic system with at least one seis- 
mic data acquisition subsystem for acquiring seismic 
data, GPS apparatus for associating a GPS time tag to 
seismic data acquired by the at least one seismic data 
acquisition subsystem, and wherein the at least one 
20 seismic data acquisition subsystem operable independ- 
ently of command signals from any seismic energy 
source controller 

[0036] The present invention, therefore, in certain as- 
pects, discloses a seismic data system with a seismic 
25 energy source controller system and at least one seis- 
mic energy source, a seismic navigation system, a plu- 
rality of seismic data acquisition subsystems for acquir- 
ing seismic data, GPS apparatus for associating a GPS 
time tag to seismic data acquired by the at least one 

30 seismic data acquisition subsystem, the at least one 
seismic data acquisition subsystem operable independ- 
ently of signals from the seismic energy source control- 
ler, the at least one seismic data acquisition subsystem 
is operable independently of signals from the seismic 

35 navigation system, a data server subsystem for inter- 
mediate storage and retrieval of seismic data acquired 
by the seismic data acquisition subsystems, the data 
server subsystem able to use the GPS time tags as an 
identifying parameter for the acquired seismic data for 

40 storage and retrieval, an event processor for real-time 
association of the GPS time tags acquired seismic data 
to cycling events of the seismic data system and for non- 
real-time association of GPS time tagged acquired seis- 
mic data with corresponding GPS time tagged cycling 

45 events, an operator console for configuration, control, 
and monitoring of the seismic data acquisition subsys- 
tems and of the data server subsystem, and the seismic 
data acquisition subsystems having acquisition appara- 
tus for continuously acquiring seismic data without as- 

50 sociated dead time related to seismic energy source 
events initiated by the at least one seismic energy 
source. 

[0037] The present invention, therefore, discloses a 
seismic data method including generating seismic data 
55 with a seismic energy system, controlling the seismic 
energy system with an energy controller system, navi- 
gating the seismic energy system with a seismic navi- 
gation system, acquiring seismic data generated by the 
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seismic energy system with a data acquisition system, 
receiving GPS information with data system reception 
apparatus in the data acquisition system, and the data 
acquisition system acquiring seismic data independent- 
ly of signals from the seismic navigation system; such 
a seismic data method including the data acquisition 
system acquiring seismic data independently of signals 
from the energy controller system; such a method in- 
cluding continuously recording with recording apparatus 
in the data acquisition system seismic data generated 
by the seismic energy system; such a method including 
assembling a seismic record including seismic data ac- 
quired by the data acquisition system, the assembly 
done by processing apparatus for assembly of a seismic 
record including at least a selected portion of the seismic 
data acquired by the data acquisition subsystem, said 
assembly occurring at a time later than a time of acqui- 
sition of the seismic data; such a method wherein the 
seismic data generated by the energy subsystem in- 
cludes precursor data and the seismic data system fur- 
ther comprises apparatus in the data acquisition system 
for acquiring precursor data, the method including ac- 
quiring precursor data; such a method wherein the data 
acquisition subsystem has interpolation apparatus for 
providing theoretical data points between at least two 
known data points related to actual seismic data ac- 
quired by the data acquisition subsystem and the meth- 
od including interpolating a theoretical data point be- 
tween the at least two known data points related to ac- 
tual seismic data acquired by the data acquisition sys- 
tem and such a method wherein the at least two known 
data points are a plurality of data points and the method 
includes interpolating a plurality of theoretical data 
points, each of the plurality of theoretical data points be- 
tween two of the plurality of known data points. 
[0038] The present invention provides, therefore, in 
certain aspects a seismic data method for acquiring and 
processing seismic data with a seismic data system that 
has a plurality of seismic data acquisition subsystems 
operable independently of signals from a seismic ener- 
gy source controller subsystem controlling an energy 
source and from a seismic navigation system and oper- 
able asynchronously with respect to the seismic energy 
source controller subsystem and the seismic navigation 
system, the method including continuously acquiring 
seismic data with the plurality of seismic data acquisition 
subsystems; such a method wherein the seismic data 
system includes apparatus for applying GPS tagging in- 
formation to acquired seismic data and to energy source 
events, the method including GPS tagging the acquired 
seismic data, and GPS tagging signals representative 
of the energy source events; any such method wherein 
the seismic data system includes an event processor for 
real-time association of the GPS time tags to cycling 
events of the seismic data system and for non-real-time 
association of GPS time tagged acquired seismic data 
with corresponding GPS time tagged cycling events and 
the method includes associating GPS tagged acquired 



data with the GPS tagged signals; any such method in- 
cluding conducting the association in non-real-time; any 
such method wherein the seismic data system includes 
apparatus for applying GPS tagging information to ac- 

5 quired seismic data and to navigation system events, 
the method including GPS tagging the acquired seismic 
data, and GPS tagging signals representative of the 
navigation system events; any such method wherein the 
seismic data system includes an event processor for re- 

10 al-time association of the GPS time tags acquired seis- 
mic data to cycling events of the seismic data system 
and for non-real-time association of GPS time tagged 
acquired seismic data with corresponding GPS time 
tagged cycling events and the method including asso- 

15 ciating GPS tagged acquired data with the GPS tagged 
signals; any such method including conducting the as- 
sociation in non-real-time; any such method including a 
step with an event processor for real-time association 
of the GPS time tags acquired seismic data to cycling 

20 events of the seismic data system and for non-real-time 
association of GPS time tagged acquired seismic data 
with corresponding GPS time tagged cycling events, 
and wherein said assembling occurs at a time later than 
a time of acquisition of the seismic data by the at least 

25 one seismic data acquisition subsystem, the method in- 
cluding assembling a seismic record with the event 
processor with a portion of selected acquired seismic 
data at a time later than a time of acquisition of the seis- 
mic data; any such method wherein the event processor 

30 further comprises processing apparatus for re-estab- 
lishing time synchronization of acquired seismic data 
with events independent of the at least one seismic data 
acquisition subsystem, the method including re-estab- 
lishing time synchronization of the acquired seismic da- 

35 ta with the events independent of the plurality of seismic 
data acquisition subsystems; and any such method 
wherein said re-establishing is done by interpolating fil- 
tering to estimate a seismic data value for acquired seis- 
mic data relative to a time of specific cycling events. 

40 [0039] In conclusion, therefore, it is seen that the 
present invention and the embodiments disclosed here- 
in and those covered by the appended claims are well 
adapted to carry out the objectives and obtain the ends 
set forth. Certain changes can be made in the subject 

45 matter without departing from the spirit and the scope 
of this invention. It is realized that changes are possible 
within the scope of this invention and it is further intend- 
ed that each element or step recited in any of the follow- 
ing claims is to be understood as referring to all equiv- 

50 alent elements or steps. The following claims are intend- 
ed to cover the invention as broadly as legally possible 
in whatever form it may be utilized. 



55 claims 

1 . A seismic data system comprising 
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a seismic energy source controller system and 
at least one seismic energy source, 
a seismic navigation system, 
at least one seismic data acquisition subsystem 
for acquiring seismic data, 
GPS apparatus for associating a GPS time tag 
to seismic data acquired by the at least one 
seismic data acquisition subsystem, and 
the at least one seismic data acquisition sub- 
system operable independently of signals from 
the seismic energy source controller. 

2. The seismic data system of claim 1 wherein the at 
least one seismic data acquisition subsystem is op- 
erable independently of signals from the seismic 
navigation system. 

3. The seismic data system of claim 1 wherein the at 
least one seismic data acquisition subsystem is a 
plurality of seismic data acquisition subsystems. 

4. The seismic data of claim 1 further comprising 

a data server subsystem for intermediate stor- 
age and retrieval of seismic data acquired by 
the at least one seismic data acquisition sub- 
system. 

5. The seismic data system of claim 4 wherein the data 
server subsystem uses the GPS time tags as an 
identifying parameter for the acquired seismic data 
for storage and retrieval. 

6. The seismic data system of claim 1 further compris- 
ing 

an event processor for real-time association of 
the GPS time tags to cycling events of the seis- 
mic data system and for non-real-time associ- 
ation of GPS time tagged acquired seismic data 
with corresponding GPS time tagged cycling 
events. 

7. The seismic data system of claim 6 further compris- 
ing 

the event processor further comprising 
processing apparatus for assembling a seismic 
record relative to GPS time tagged acquired 
seismic data. 

8. The seismic data system of claim 7 wherein said 
assembling occurs at a time later than a time of ac- 
quisition of the seismic data by the at least one seis- 
mic data acquisition subsystem. 

9. The seismic data system of claim 6 further compris- 
ing 



the event processor further comprising 
processing apparatus for re-establishing time 
synchronization of acquired seismic data with 
events independent of the at least one seismic 
5 data acquisition subsystem. 

1 0. The seismic data system of claim 9 wherein said re- 
establishing is done by interpolating filtering to es- 
timate a seismic data value for acquired seismic da- 

10 ta relative to a time of specific cycling events. 

1 1 . The seismic data system of claim 4 further compris- 
ing 

is an operator console for configuration, control, 

and monitoring of the at least one seismic data 
acquisition subsystem and of the data server 
subsystem. 

20 1 2. The seismic data system of claim 1 further compris- 
ing 

the at least one seismic data acquisition sub- 
system further comprising 
25 acquisition apparatus with a master oscillator 

phase locked to a GPS disciplined clock. 

13. The seismic data system of claim 1 further compris- 
ing 

30 

the at least one seismic data acquisition sub- 
system further comprising 
acquisition apparatus for continuously acquir- 
ing seismic data without associated dead time 
35 related to seismic energy source events initiat- 

ed by the at least one seismic energy source. 

14. The seismic data system of claim 1 further compris- 
ing 

40 

the at least one seismic data acquisition sub- 
system further comprising 
acquisition apparatus for continuously acquir- 
ing seismic data without associated dead time 
45 related to navigation system events of the seis- 

mic navigation system. 

15. A seismic data system comprising 

50 a seismic energy source controller system and 

at least one seismic energy source, 
a seismic navigation system, 
at least one seismic data acquisition subsystem 
for acquiring seismic data, 

55 GPS apparatus for associating a GPS time tag 

to seismic data acquired by the at least one 
seismic data acquisition subsystem, and 
wherein the at least one seismic data acquisi- 
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tion subsystem is operable independently of 
signals from the seismic navigation system. 

16. A seismic system comprising 

at least one seismic data acquisition subsystem 
for acquiring seismic data, 
GPS apparatus for associating a GPS time tag 
to seismic data acquired by the at least one 
seismic data acquisition subsystem, and 
wherein the at least one seismic data acquisi- 
tion subsystem operable independently of com- 
mand signals from any seismic navigation sys- 
tem. 

17. A seismic system comprising 

at least one seismic data acquisition subsystem 
for acquiring seismic data, 
GPS apparatus for associating a GPS time tag 
to seismic data acquired by the at least one 
seismic data acquisition subsystem, and 
wherein the at least one seismic data acquisi- 
tion subsystem operable independently of com- 
mand signals from any seismic energy source 
controller. 

18. A seismic data system comprising 
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25 



and 

the seismic data acquisition subsystems further 
comprising acquisition apparatus for continu- 
ously acquiring seismic data without associat- 
ed dead time related to seismic energy source 
events initiated by the at least one seismic en- 
ergy source. 

19. A seismic data method comprising 

generating seismic data with a seismic energy 
system, 

controlling the seismic energy system with an 
energy controller system, 
navigating the seismic energy system with a 
seismic navigation system, 
acquiring seismic data generated by the seis- 
mic energy system with a data acquisition sys- 
tem, 

receiving GPS information with data system re- 
ception apparatus in the data acquisition sys- 
tem, and 

the data acquisition system acquiring seismic 
data independently of signals from the seismic 
navigation system. 

20. The seismic data method of claim 19 further com- 
prising 



a seismic energy source controller system and 30 
at least one seismic energy source, 
a seismic navigation system, 
a plurality of seismic data acquisition subsys- 
tems for acquiring seismic data, 
GPS apparatus for associating a G PS time tag 35 
to seismic data acquired by the at least one 
seismic data acquisition subsystem, 
the at least one seismic data acquisition sub- 
system operable independently of signals from 
the seismic energy source controller, 40 
the at least one seismic data acquisition sub- 
system is operable independently of signals 
from the seismic navigation system, 
a data server subsystem for intermediate stor- 
age and retrieval of seismic data acquired by 
the seismic data acquisition subsystems, the 
data server subsystem able to use the GPS 
time tags as an identifying parameter for the ac- 
quired seismic data for storage and retrieval, 
an event processor for real-time association of so 
the GPS time tags acquired seismic data to cy- 
cling events of the seismic data system and for 
non-real-time association of GPS time tagged 
acquired seismic data with corresponding GPS 
time tagged cycling events, ss 
an operator console for configuration, control, 
and monitoring of the seismic data acquisition 
subsystems and of the data server subsystem, 



the data acquisition system acquiring seismic 
data independently of signals from the energy 
controller system. 

21. The method of claim 19 further comprising 

continuously recording with recording appara- 
tus in the data acquisition system seismic data 
generated by the seismic energy system. 

!. The method of claim 19 further comprising 

assembling a seismic record including seismic 
data acquired by the data acquisition system, 
the assembly done by processing apparatus for 
assembly of a seismic record including at least 
a selected portion of the seismic data acquired 
by the data acquisition subsystem, said assem- 
bly occurring at a time later than a time of ac- 
quisition of the seismic data. 

>. The method of claim 1 9 wherein the seismic data 
generated by the energy subsystem includes pre- 
cursor data and the seismic data system further 
comprises apparatus in the data acquisition system 
for acquiring precursor data, the method further 
comprising 

acquiring precursor data. 
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24. The method of claim 1 9 wherein the data acquisition 
subsystem further comprises interpolation appara- 
tus for providing theoretical data points between at 
least two known data points related to actual seis- 
mic data acquired by the data acquisition subsys- 
tem and the method further comprising 

interpolating a theoretical data point between 
the at least two known data points related to 
actual seismic data acquired by the data acqui- 
sition system. 

25. The method of claim 24 wherein the at least two 
known data points are a plurality of data points and 
the method further comprising 

interpolating a plurality of theoretical data 
points, each of the plurality of theoretical data 
points between two of the plurality of known da- 
ta points. 

26. A seismic data method for acquiring and processing 
seismic data with a seismic data system that has a 
plurality of seismic data acquisition subsystems op- 
erable independently of signals from a seismic en- 
ergy source controller subsystem controlling an en- 
ergy source and from a seismic navigation system 
and operable asynchronously with respect to the 
seismic energy source controller subsystem and 
the seismic navigation system, the method com- 
prising 

continuously acquiring seismic data with the 
plurality of seismic data acquisition subsys- 
tems. 

27. The method of claim 26 wherein the seismic data 
system includes apparatus for applying GPS tag- 
ging information to acquired seismic data and to en- 
ergy source events, the method further comprising 

GPS tagging the acquired seismic data, and 
GPS tagging signals representative of the en- 
ergy source events. 

28. The method of claim 27 wherein the seismic data 
system includes an event processor for real-time 
association of the GPS time tags to cycling events 
of the seismic data system and for non-real-time as- 
sociation of GPS time tagged acquired seismic data 
with corresponding GPS time tagged cycling events 
and the method further comprising 

associating GPS tagged acquired data with the 
GPS tagged signals. 

29. The method of claim 28 further comprising conduct- 
ing the association in non-real-time. 



30. The method of claim 26 wherein the seismic data 
system includes apparatus for applying GPS tag- 
ging information to acquired seismic data and to 
navigation system events, the method further com- 

s prising 

GPS tagging the acquired seismic data, and 
GPS tagging signals representative of the nav- 
igation system events. 

10 

31. The method of claim 30 wherein the seismic data 
system includes an event processor for real-time 
association of the GPS time tags acquired seismic 
data to cycling events of the seismic data system 

'5 and for non-real-time association of GPS time 
tagged acquired seismic data with corresponding 
GPS time tagged cycling events and the method 
further comprising 

20 associating GPS tagged acquired data with the 

GPS tagged signals. 

32. The method of claim 31 further comprising conduct- 
ing the association in non- real-time. 

25 

33. The method of claim 1 9 further comprising a step 
with an event processor for real-time association of 
the GPS time tags acquired seismic data to cycling 
events of the seismic data system and for non-real- 

30 time association of GPS time tagged acquired seis- 
mic data with corresponding GPS time tagged cy- 
cling events, and wherein said assembling occurs 
at a time later than a time of acquisition of the seis- 
mic data by the at least one seismic data acquisition 
35 subsystem, the method further comprising 

assembling a seismic record with the event 
processor with a portion of selected acquired 
seismic data at a time later than a time of ac- 
40 quisition of the seismic data. 

34. The method of claim 33 wherein the event proces- 
sor further comprises processing apparatus for re- 
establishing time synchronization of acquired seis- 

45 mic data with events independent of the at least one 
seismic data acquisition subsystem, the method 
further comprising 

re-establishing time synchronization of the ac- 
so quired seismic data with the events independ- 

ent of the plurality of seismic data acquisition 
subsystems. 

35. The method of claim 34 wherein said re-establish- 
55 j n g is done by interpolating filtering to estimate a 

seismic data value for acquired seismic data rela- 
tive to a time of specific cycling events. 



10 

31. 



25 



30 



11 



P000967494 [hitpr/Arvww.ge^ - - 1? of ^ 



EP 0 967 494 A2 



Prior Art 



1 



Time & 
Position 



Navigation 
System 



\ 



Cycle 
Events 



Energy Source 
Controller 



A 

R ' 



N 



Acquisition 
Subsystem 



Recording 
Subsystem 



Conventional Seismic 
System 



C 

/ 

CABLES 



- TAPE 
DRIVES 



N 




Navigation 
System 



\ 



Energy Source 
Controller 



EP 



Continuous 
Seismic 
System 



CS 



TAPE 
DRIVES 



^ 3 



Acquisition 
Subsystem 



Time Stamped 
Seismic Data 







Event 
Processor 
Subsystem 




Data Server 
Subsytem 









CABLES 

1 4 



DS 



12 



EP000967494 [http:#yww,gei^ p aoe 13 0 f - t4 



EP 0 967 494 A2 



Prior Art 



Acquisition Gun 
Sync. Sync. 
Time Time 
(200 mSec Typ) (128 mScc Typ) 



Acq Start 



Fire 



n 



TO 



Acq Time 



Acquisition Sys. 
Overhead Time 



Cycle Delay Time 



System 
Dead Time 



TIME 



Jl 



-8- 



-ff- 



t. 



6-SSecTyp. 
ztTypTyp. 



-ff- 



-fj- 



Shotpoint X 



Jl 



Jl 



0.5 Sec * 

Typ. 



1.25 Sec. 
T>P.: 



1.5 Sec Typ. 



Shotpoint X +1 



13 



EP00096749 1 [http:/tovw.getJfoepa^ . . P^ge 14 of 14 



EP 0 967 494 A2 




14 



